The direct synthesis of N 3 substituted pyrimidine nucleoterpenes from uridine, thymidine, and inosine with C5, C10, and C15 side chains and using DBU as the base is described. In all cases the reaction proceeded smoothly in very good yields (85-99%) affording selectively N 3 substituted adducts.
Functionalization of oligomers with lipophilic moieties is often hampered by lack of selectivity: for example, it has been reported that the binding of cholesterol to form an antagomir strictly depends on its stechiometric amount, a slight excess leading to the formation of a mixture of products, which is, moreover, difficult to separate and handle [2] . Very recently Rosemeyer and co-workers described the K 2 CO 3 -promoted N-geranylation and N-farnesylation of thyimidine and 2'-deoxyinosine in DMF [7] . Reactions were reported to proceed for 24-48 h affording the desired products in 50 -75% yield. The two substrates reacted in different ways, thymidine requiring higher temperatures (up to 40°C) and longer times than 2'-deoxyinosine. Moreover, farnesylated derivatives exhibited a tendency to dimerize. Because of the drawbacks and disadvantages of the already reported methodologies, the search for alternative methodologies for lipophilization of oligonucleotides is a field of current and growing interest.
As a part of our ongoing studies aimed to the synthesis of natural and semi-synthetic oxy-and azoprenylated compounds, we decided to investigate the use of organic and inorganic bases in aprotic solvents as promoters of the preparation of differently substituted pyrimidine-based nucleoterpenes. To this aim, we report a simple and selective method to transform nucleosides like uridine, thymidine, and inosine into the corresponding N 3 -terpenyl derivatives by the use of inorganic and organic bases, namely K 2 CO 3 , DBU and N,N-diisopropylethylamine (Hunig's base) for the geranylation of uridine. The nucleoside, dissolved in dry DMF, was reacted with geranyl bromide and the process monitored by thin layer chromatography (TLC) for 24 h, which was the time necessary for the total disappearance of the starting product. Comparison of the TLC profiles of the three processes revealed that the reactions promoted by K 2 CO 3 and Hunig's base led to a complex mixture of products, while only in the case of DBU was one spot detected by TLC. The reaction mixture resulting from the use of the latter organic base was poured into a citric acid aqueous solution and extracted with EtOAc. The extract, after drying and evaporation to dryness, providing a white solid, the structure of which was determined to be N 3 -geranyluridine (1) by mono-and bidimensional NMR spectroscopy and high resolution mass spectrometric analysis. In particular, by this latter technique we detected diagnostic peaks related to the intact ribose and the Ngeranyl side chain, witnessing the effective regioselective formation of the N-alkylated product. NOE experiments further revealed no interaction of protons of the allylic CH 2 . The desired compound was obtained pure after a simple acid work-up without the need of any chromatographic step. Thus DBU was found to be able to promote selectively the N 3 -terpenylation of uridine. No products resulting from the O-alkylation of the OH groups of the ribose core were detected, while the compound deriving from the geranylation of the oxygen atom linked to C-4 was recorded only in traces.
Encouraged by the results obtained using uridine and geranyl bromide as the substrates, we applied the same reaction conditions employing other terpenylating agents, namely 3,3-dimethylallyl and farnesyl bromides, and other nucleosides other than uridine, like thyimidine and inosine The corresponding alkylated adducts were selectively obtained in very good yields. Results are reported in Table 1 . Table 1 show that differently pyrimidine nucleosides react without any significant differences to give the corresponding N 3 -terpenyl derivatives in very good yields ranging from 85% to 99%. Compared with the few existing methodologies, our process is effective in selectively leading to only one adduct avoiding the formation of O-ethers and dimerization, especially in the case of farnesyl adducts. From a mechanistic point of view, we can hypothesize that the observed selectivity in prenylation of nucleosides may be driven by a preferential hydrogen abscission by the sterically hindered DBU from the more acidic and more accessible nitrogen atom in position 3. Similar considerations proved to be effective also in the O-alkylation of phenylpropanoids performed in our previous studies [8] and were the main rationale accounting for the use of DBU as the promoter of the above described reaction.
Data reported in
In conclusion, in the present work we disclose an easy method for the synthesis of nucleoterpenes starting from differently substituted pyrimidine nucleosides and terpenyl bromides. Stating the potentialities of the herein reported molecules and similar compounds, coupled to the simple work-up procedure (e.g. lack of need of chromatographic purification), mild reaction conditions, and very good yields make our methodology a valid and alternative contribution to the existing processes in the field of the synthesis of terpenyl nucleosides. Further investigations into the scope and other applications of DBU-promoted reactions for the same scope, as well as results of biological assays on the synthesized nucleoterpenes are in progress and will be reported in due course.
Experimental
The same general procedure (including instrumental part) reported previously was followed [8] .
General procedure for the synthesis of nucleoterpenes:
The nucleoside (1.0 mmol) was dissolved in dry DMF (2 mL) and DBU (1.0 mmol) and the terpenyl bromide (1.0 mmol) was added in sequence to the resulting mixture that was left to react at room temperature for 24 h. The solution was poured into 2% citric acid (20 mL) and extracted with EtOAc (3 x 10 mL). The collected organic phases were dried over Na 2 SO 4 and the solvent evaporated to dryness yielding a pure product. 
